Listerine Tooth-Paste is a recent addition to the supply of acid dentifrices. The manufacturers of Listerine Tooth-Paste include the following claims in their advertisements: Listerine Tooth-Paste is (a) slightly acid in reaction, the slight degree of acidity being sufficient (b) to stimulate the flow of saliva and (c) to prevent the formation of " tartar. "
The three claims stated above are conveyed in the following quotations from circular advertisements that accompany tubes of Listerine Tooth-Paste in the retail market:
(a) Listerine Tooth-Paste is " slightly acid in reaction." (b) "Listerine Tooth-Paste contains a pleasant fruit acid derived from the grape (acid potassium tartrate) in just the proper proportion to mildly stimulate the salivary glands. " (c) "So-called 'tartar' deposits are chiefly lime formation. The fruit acid in Listerine Tooth-Paste, carried by the saliva, deters the accumulation of these objectionable deposits."
II. FINDINGS IN AN EXPERIENTAL INVESTIGATION OF THE CLAIMS OUTLINED ABOVE
We find as follows in a study of the contents of about a dozen tubes of Listerine Tooth-Paste, purchased occasionally, since last April, at widely separated stores in the open market in New York City.
(a) Acidity of the paste (A) Listerine Tooth-Paste is acid in reaction, as advertised.
Tested directly and at different degrees of dilution with distilled water, the paste was found to be acid to azolitmin, congo red, lacmoid, litmus, paranitrophenol and phenolthalein. It is not acid to alizarin, dimethyl-amino-azobenzol, and methyl orange. A concentrated solution of tri-basic calcium phosphate in saturated acid potassium tartrate solution showed the same qualitative behavior to each of these nine indicators. A saturated solution of acid potassium tartrate alone was acid to all the foregoing indicators except dimethylamino-azobenzol.
(B) Tested quantitatively, the titratable acidity of the paste (10 grams of paste in 100 cc. of water), representing its acid potential, may be expressed as follows, per gram of paste.
(a) With litmus as the indicator (mixture and filtrate yielding numerically identical results): the total acidity was neutralized by 1.6 cc. of n/20 sodium hydroxid solution.
(b) With phenolthalein as the indicator (mixture and filtrate yielding numerically identical results): the total acidity was neutralized by 1.9 cc. of n/20 sodium hydroxid solution.
(C) In a physiological test of the acidity of the paste, it was found that 11.7 cc. of saliva from a normal individual (obtained after stimulation by mastication of paraffin) was required to neutralize the acidity of 10 cc. of filtrate from a mixture of 30 grams of paste and 50 cc. of water (with litmus as the indicator).
(D) The foregoing data (A-C) fully support the advertised claims that Listerine Tooth-Paste is acid in reaction; that the acidity is slight in degree and well within physiological limits; and that the main acid ingredient of the paste is acid potassium tartrate.
(b) Does the paste "deter the accumulation of 'tartar' "? (E) If " the fruit acid in Listerine Tooth-Paste, carried by the saliva, deters the accumulation of so-called 'tartar' deposits," it does so by a chemical influence or a mechanical action, or both. If the fruit acid is "carried by saliva," the acidity of the fruit acid must be very materially diminished by reaction with the saliva (see C above). Ignoring that fact, however, we find that the paste has relatively little solvent action on tri-basic calcium phosphate. Illustrative findings in this particular relation are submitted.
(F) Powdered tn-basic calcium phosphate, in portions of 500 mgm., was thoroughly shaken in stoppered bottles with 15 cc. each of the liquids specified below. After a period of contact lasting one hour, the mixtures were filtered and 10 cc. of each filtrate subjected to analysis, for phosphorus, with the following results, expressed as milligrams of P205 per 10 cc. of filtrate:
(1) Saturated solution of acid potassium tartrate. ...64.1
(2) Paste filtrate (made from 30 grams of paste and 50 cc. of water):
(a) After shaking with 500 mgm. of Ca3P4...... The paste-water filtrate in 2, b above, with its own content of phosphate, is analogous in solvent power to a mixture of paste and saliva made in the dentifricial use of the paste-probably it had more solvent power in the test than a corresponding mixture of paste and saliva would have (see C above). Nevertheless, the solvent action of the filtrate on the powdered phosphate was not materially greater than that of water.
The foregoing results show, incidentally, how slight and insignificant the solvent action of some acid media may be upon enamel.
(G) If the dentifricial use of Listerine Tooth-Paste "deters the accumulation of so-called 'tartar' deposits, the result is due to some other influence than direct solvent action by the acid salt contained in the paste.
(H) In the advertising circulars, the manufacturer uses the word "deters" to express his idea of the action of the dentifrice on tartar. "Deters the accumulation of tartar" is a recurrent expression in the advertised claims. The claim, as thus stated, is expressed somewhat indefinitely. It seems to be intended, however, to stress "accumulation " in the phrase quoted above. That this is the intent is suggested by the following quotation from the circulars accompanying the tubes: "Old tartar (accumulation of it?) must be removed by a dentist, but when the teeth are clean to start with, the regular use of Listerine Tooth-Paste will tend to prevent further tartar. " (The italics and the parenthetical phrase are ours.) If, however, such prevention is due to " the fruit acid in the paste, " the action, judging from the foregoing results (F), would seem to be indirect, rather than direct by solution of the slight deposits that form during the intervals between the applications of the dentifrice.
(c) Influence on the flow of saliva (I) The stimulating influence of the acidity of Listerine Tooth-Paste appears to be relatively slight. The stimulating effect induced by the paste seems to be due to other influences than acidity. Illustrative findings in this relation are summarized below.
(J) Saliva was collected' through a small funnel into a graduated cylinder by regularly periodic expectorations into the funnel. A mixture of tri-basic calcium phosphate and water (designated below as 'phosphate paste"), with a consistence identical with that of the Listerine Tooth-Paste, was compared with the latter directly, in the matter of stimulating influence on the flow of saliva. The stimulants were applied to the tongue in equal masses and uniformly, on the tip of a glass stirring rod, and distributed in the mouth in the same way in each test, with the following results for several individuals, recorded in cc. of saliva for collection periods of five minutes, at intervals of thirty minutes in tests I-VII and of ten minutes in tests VIII and IX: I. Fore period (no stimulation) . In the seventh and eighth tests the intervals between the fiveminute periods of collection (previously 30 minutes) were only 10 minutes. The data in the seventh and eighth tests indicate that the "after flow" induced by each stimulation was relatively slight.
The foregoing results show clearly that Listerine Tooth-Paste "mildly stimulates the salivary glands." The data demonstrate, alsQ, that the effect is not due, to any important extent, to the slight degree of acidity of the paste.
(d) Incidental observations (K) The specimen tubes of the paste that we purchased last spring contained a relatively coarse gritty ingredient. The specimens purchased recently were devoid of grittiness. Whether the chemical or physical composition of the product has been changed, or whether material crystallizes from the paste "with increasing age," we are unable to say. We shall probably return to an inquiry into this phase of the matter some months hence.
(L) Filtrates from "concentrated" dispersions of the paste in water have practically no power of precipitating mucin, even from concentrated solutions of mucinate that are only very slightly alkaline. The manufacturers do not claim, however, that the paste has any chemical effect on dental mucin plaques.
III. CONCLUSIONS
Listerine Tooth-Paste is "slightly acid in reaction," as advertised (A-D). The "mildly stimulative" effect that this dentifrice exerts on the flow of saliva is due, in the main, to other influences than the acidity of the product (I-J). The acidity of the paste is too slight in degree to precipitate mucin effectively from its (mucinate) solutions or from dental plaques (L), or to dissolve powdered tn-basic calcium phosphate much more freely than does water (E-H). Any action the dentifrice may have in preventing accumulative deposition of tartar appears to be dependent upon a property or conditions other than the acidity of the paste (H).
CUMULATIVE SUMMARY OF FINDIENGS'
Papers 1-7, inclusive Listerine Tooth-Paste2 Slightly acid in reaction, and mildly stimulative of the flow of saliva, as advertised. The stimulative effect on the flow of saliva appears to be due, in the main, to other influences than the acidity. The acidity seems to be too slight in degree, also, to explain the influence in preventing accumulation of hard tartar that is ascribed to it. Karshan and Gies: JOURNAL OF DENTAL RESEARCH, 1921, iii, p. 353. M41ennen's Cream Dentifrice.2 Not acid in reaction as advertised, but alkaline. Therefore, claims of beneficial action, when used as a 1 A cumulative summary of findings is appended to each of the papers in this series.
This plan enables us to present, recurrently, the sum of the findings in this series of investigations. 2 The only findings, known to the authors named at the end of the note, that support the claims referred to, have been published solely in advertisements. dentifrice, as due to acidity, are wholly unwarranted. Karshan and Gies: JOURNAL OF DENTAL RESEARCH, 1920, ii, p. 293. Pebeco Tooth-Paste (and other dentifrices containing potassium chlorate). The opinion recently expressed by Taylor, Greeley, Limerick, Merritt, Stillman, Hyatt, Buckley, and Carney (JOURNAL OF DENTAL RESEARCH, 1919, i, 503) , to the effect that potassium chlorate is an "extremely dangerous drug" and that "grave perils attend the employment" of dentifrices such as Pebeco (which contains potassium chlorate in very large proportion), seems to be an overemphasis on the facts of toxicity. Tests of relative toxicity, on tadpoles and newts by the immersion method and on albino rats by intravenous injection, show that such substances of ordinary physiological occurrence as sodium nitrite, castile soap, sodium oleate, potassium chloride, and potassium sulfocyanate, are markedly more toxic than potassium chlorate, but that the latter is much more poisonous than common salt or sodium chlorate. Sodium chlorate, per unit of weight, is less toxic than sodium chloride. The use of the more toxic potassium chlorate in preference to the non-toxic sodium chlorate, as a constituent of dentifrices, remains to be explained.
Gies: JOURNAL OF DENTAL RESEARCH, 1920, ii, pp. 313 and 511.
Pepsodent.3 Contrary to advertised claims, Pepsodent, used as a dentifrice, does not (a) completely remove mucin plaques from teeth, or (b) effectively prevent re-formation of such plaques on teeth, by a digestive action of contained pepsin "activated" by admixed acid calcium phosphate. "Pepsodent Bulletin No. 4" presents nothing to support this advertised claim, or to show any error in the denial of the validity of this claim. (1) Gies: Journal of the American Medical Association, 1917, lxviii, p. 1278 (reprinted in the JOURNAL OF DENTAL RESEARCH, 1919, i, p. 507); (2) Franke and Gies: Journal of the Allied Dental Societies, 1917, xii, p. 360;  (3) Franke and Gies: JOURNAL OF DENTAL RESEARCH, 1919, i, p. 511;  (4) Gies: Ibid., 1920, ii, p. 299. 3The only findings, known to the authors named at the end of the note, that support the claims referred to, have been published solely in advertisements.
